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Aims While pulmonary embolism (PE) appears to be a major issue in COVID-19, data remain sparse. We aimed to de-
scribe the risk factors and baseline characteristics of patients with PE in a cohort of COVID-19 patients.

...................................................................................................................................................................................................
Methods
and results

In a retrospective multicentre observational study, we included consecutive patients hospitalized for COVID-19.
Patients without computed tomography pulmonary angiography (CTPA)-proven PE diagnosis and those who were
directly admitted to an intensive care unit (ICU) were excluded. Among 1240 patients (58.1% men, mean age 64 ±
17 years), 103 (8.3%) patients had PE confirmed by CTPA. The ICU transfer and mechanical ventilation were sig-
nificantly higher in the PE group (for both P < 0.001). In an univariable analysis, traditional venous thrombo-
embolic risk factors were not associated with PE (P > 0.05), while patients under therapeutic dose anticoagulation
before hospitalization or prophylactic dose anticoagulation introduced during hospitalization had lower PE occur-
rence [odds ratio (OR) 0.40, 95% confidence interval (CI) 0.14–0.91, P = 0.04; and OR 0.11, 95% CI 0.06–0.18, P <
0.001, respectively]. In a multivariable analysis, the following variables, also statistically significant in univariable ana-
lysis, were associated with PE: male gender (OR 1.03, 95% CI 1.003–1.069, P = 0.04), anticoagulation with
a prophylactic dose (OR 0.83, 95% CI 0.79–0.85, P < 0.001) or a therapeutic dose (OR 0.87, 95% CI 0.82–0.92,
P < 0.001), C-reactive protein (OR 1.03, 95% CI 1.01–1.04, P = 0.001), and time from symptom onset to hospital-
ization (OR 1.02, 95% CI 1.006–1.038, P = 0.002).
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Conclusion PE risk factors in the COVID-19 context do not include traditional thrombo-embolic risk factors but rather inde-
pendent clinical and biological findings at admission, including a major contribution to inflammation.
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Introduction

Since December 2019, the severe acute respiratory syndrome cor-
onavirus (SARS-CoV-2) infection has caused a global pandemic and a
public health crisis of unprecedented magnitude.1 The clinical picture
of coronavirus disease (COVID-19) ranges from completely asymp-
tomatic to rapidly devastating courses with acute respiratory distress
syndrome associated with high fatality rates.2,3

In addition to pulmonary symptoms, cardiac injuries appear to be a
prominent feature of COVID-19; they occur in 20–30% of hospital-
ized patients and contribute to 30–40% of deaths.4–6 SARS-CoV-2 in-
fection is also accompanied by pulmonary vascular complications,
such as pulmonary embolism (PE). Reports of PE associated with
COVID-19, which indicate higher PE prevalence in COVID-19 than
usually encountered in non-infected critically ill patients, have
emerged in the literature.7–10 COVID-19 complicated by acute PE
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may mark a turning point in patient prognosis by the additional hyp-
oxaemia or haemodynamic collapse, which lead to intensive care unit
(ICU) admission and mechanical ventilation.7,11 Several pieces of evi-
dence suggest that COVID-19 is associated with abnormal haemosta-
sis,12 severe inflammation, endothelial dysfunction, and disseminated
intravascular coagulation, and that COVID-19 is predisposing to ven-
ous thrombo-embolic events.13,14

Current guidelines recommend considering anticoagulation at
prophylactic dose for all patients admitted with COVID-1915,16 and
following ESC guidelines if PE is confirmed.17 However, the risk of PE
in COVID-19 patients under prophylactic antithrombotic treatment
remains high.9 In this regard, several empirical anticoagulation strat-
egies have been proposed by clinicians and national societies, namely
intermediate dose (double prophylaxis) of parenteral anticoagulation
for routine treatment.8,13

In the COVID-19 context, (i) PE might be associated with several
previously unknown risk factors; and (ii) PE is a major issue, and the
failure to identify and correctly manage this complication with opti-
mal prophylactic anticoagulation could aggravate patient prognosis.

This study aimed to describe the baseline characteristics of
COVID-19 patients with PE and the associated risk factors in a multi-
centre cohort.

Methods

Study settings and population
From 26 February to 20 April 2020, all consecutive adult patients admit-
ted to hospital with a diagnosis of SARS-CoV-2 infection were included in
a retrospective multicentre (24 centres, Supplementary material online,
File 1) observational study, called the Critical Covid-19 France (CCF)
study and initiated by the French Society of Cardiology (NCT04344327).

Following World Health Organization criteria, SARS-CoV-2 infection
was determined by positive results from real-time reverse transcription–
PCR (RT–PCR) of nasal and pharyngeal swabs or lower respiratory tract
aspirates (confirmed case) or was determined by typical imaging charac-
teristics on chest computed tomography (CT) when laboratory testing
was inconclusive (probable case). Patients without computed tomog-
raphy pulmonary angiography (CTPA) to diagnose PE, those who were
directly admitted to the ICU on their arrival, and those who were still
hospitalized and had not experienced PE at study completion were
excluded. In accordance with guidelines, CTPA was performed to rule
out PE if supplementary oxygen was needed in COVID-19 patients with
limited disease extension,18 or when unenhanced CT findings could not
explain the severity of respiratory failure.15

The CCF study was declared and authorized by the French data pro-
tection committee (CNIL, authorization 2207326v0) and conducted in
accordance with the 1964 Declaration of Helsinki.

Data collection
All data were collected by local investigators in an electronic case report
form via the REDCap software (Research Electronic Data Capture,
Vanderbilt University) hosted by a secured server from the French
Institute of Health and Medical Research at the Paris Cardiovascular
Research Centre. Patient baseline information included demographic
characteristics, co-existing medical conditions, and medications. Clinical
parameters and biological findings were recorded at admission. On the
chest CT scan, the degree of pulmonary lesions with ground-glass opac-
ities and areas of consolidation was categorized as low to moderate

(<50% involvement) or severe (>50% involvement). Data on pharmaco-
logical therapies, mode of respiratory, complications, and final vital status
were also gathered during the hospitalization.

The anticoagulation regimen prescribed before PE occurrence was
categorized into three groups: (i) prophylactic dose (daily low molecular
weight heparin or twice daily subcutaneous unfractionated heparin); (ii)
intermediate dose (double the preventive dose); and (iii) therapeutic
dose before hospitalization. All medical interventions, including anticoa-
gulation and pharmacological treatments for COVID-19, were per-
formed at the discretion of the medical team.

CT protocol and analysis
The CTPA protocol was performed using a multidetector scanner after
intravenous injection of 50–75 mL of high concentration iodinated con-
trast agent at a flow rate of 3–4 mL/s, which was triggered on the main
pulmonary artery.18 The CT scan patterns of COVID-19 and the pres-
ence of PE were analysed locally by a senior radiologist of the centre.

Outcomes
The primary outcome was PE confirmed by CTPA.7,11 Death, admission
to the ICU, invasive mechanical ventilation, and non-invasive ventilation
were also considered to assess the association between PE and these
outcomes in patients with COVID-19. The PE severity was assessed by
systolic blood pressure, simplified PE severity index (sPESI), troponin
level, and presence of right ventricular dysfunction on transthoracic echo-
cardiogram, following the ESC guidelines.17

Statistical analysis
Continuous data were reported as the mean ± standard deviation (SD)
for normally distributed data or the median and interquartile range (IQR)
for non-normally distributed data. Categorical data were reported as
counts and percentages. Comparisons employed the v2 or Fisher’s exact
test for categorical variables and the Student’s t-test or Mann–Whitney–
Wilcoxon test, as appropriate, for continuous variables.

Complete-cases multiple logistic regression was employed to identify
PE predictors in the context of COVID-19, with final selection based on
the most favourable goodness-of-fit measures (Akaike information criter-
ion). Missing data are shown in Table 1 and were handled using multiple
random forest imputation utilizing chained equations (mice R package, 20
sets of imputations) before multivariable analysis. Non-parametric boot-
strap with 2000 replicates was used to calculate 95% confidence intervals
(CIs) for PE occurrence. A two-tailed P-value <0.05 was considered stat-
istically significant. All data were analysed using R software, version 3.6.3
(R Project for Statistical Computing).

Results

Overall population
Among 2878 consecutive patients who were hospitalized for SARS-
CoV-2 infection (Supplementary material online, File 2), 1240 patients
with CTPA, across 24 French hospitals (58.1% men, mean age 64 ±
17 years) between 26 February 2020 and 20 April 2020, were
included (Figure 1). Of these 1240 patients (Table 1), 103 (8.3%, boot-
straped 95% CI 6.69–9.84%) patients were diagnosed with PE
(Figure 2). Among those, there were 52 (50.5%) low risk, 12 (11.6%)
intermediate to low risk, 7 (6.8%) intermediate to high risk, and 32
(31.1%) high risk of PE severity. Of the 103 patients with PE, the PE
diagnosis was performed in the first 48 h after admission for 80
(77.7%) patients and after 48 h for 23 (22.3%) patients. The median
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Table 1 Baseline characteristics of the study popula-
tion (n 5 1240)

Variables Overall

(n 5 1240)

No. of

patients

with data

available

Demographics

Age, years 64 ± 17 1240

Male, n (%) 721 (58.1) 1240

BMI, kg/m2 28.1 ± 6.3 1128

Time from illness onset to hospitaliza-

tion*, days

7.2 ± 4.7 1206

Cardiovascular risk factors, n (%)

Smoking 181 (14.9) 1215

Hypertension 559 (45.4) 1230

Diabetes 268 (21.7) 1235

Dyslipidaemia 316 (25.6) 1234

Familial premature CVD 19 (1.6) 1180

Comorbidities, n (%)

COPD 77 (6.2) 1240

Chronic kidney disease 126 (10.3) 1225

Stroke 94 (7.7) 1226

Peripheral arterial disease 60 (4.9) 1226

Atrial fibrillation 117 (9.5) 1231

Chronic heart failure 117 (9.5) 1230

Coronary artery disease 133 (10.7) 1238

Malignancy 167 (13.5) 1240

Venous thrombo-embolic disease 98 (7.9) 1240

Immunodeficiency 63 (5.1) 1240

Treatment before hospitalization, n (%)

Therapeutic dose anticoagulation 136 (11.0) 1240

VKA 47 (3.8)

NOAC 78 (6.3)

Heparin 11 (0.9)

ACEi 218 (17.6) 1240

ARB 177 (14.3) 1240

Clinical characteristics

NYHA functional class, n (%) 1097

I–II 534 (48.7)

III–IV 563 (51.3)

Heart rate, b.p.m. 86 ± 18 1125

Systolic pressure, mmHg 131 ± 21 1223

Diastolic pressure, mmHg 75 ± 13 1223

Respiratory frequency, breaths/min 23 ± 7 852

Chest pain, n (%) 132 (10.6) 1240

O2 saturation, % 95 ± 3 1229

Temperature, �C 37.6 ± 1.0 1223

FiO2, % 28 ± 11 1196

Glasgow score <15, n (%) 60 (4.9) 1227

HF signs, n (%) 67 (5.5) 1221

SIC score >4, n (%) 446 (67.0) 666

qSOFA score = 1, n (%) 526 (61.7) 852

Continued

.................................................................................................

Table 1 Continued

Variables Overall

(n 5 1240)

No. of

patients

with data

available

Electrocardiogram, n (%) 998

Sinus rhythm 912 (91.4)

Atrial fibrillation 86 (8.6)

Laboratory, mean ± SD

PaO2, mmHg 82 ± 29 935

pH 7.45 ± 0.06 927

PaO2/FiO2 ratio <150, n (%) 53 (5.8) 906

Lactates, mmol/L 1.4 ± 1.0 788

NT-proBNP, pg/mL 2517 ± 6608 361

BNP, pg/mL 199 ± 621 368

Leucocytes†, 109/L 7.3 ± 5.6 1224

Lymphocytes, 109/L 1.3 ± 3.6 1208

Haemoglobin, g/dL 13.2 ± 1.9 1228

Platelets‡, 109/L 225 ± 97 1214

C-reactive protein§, mg/L 91 ± 77 1201

Prothrombin rate, % 85 ± 18 958

APTT, ratio 1.1 ± 0.3 884

Creatinine, lmol/L 89 ± 67 1224

GFR, mL/min/m2 86 ± 28 1222

Aspartate aminotransferase, UI/L 55 ± 70 1130

Alanine aminotransferase, UI/L 51 ± 94 1132

Albumin, g/L 32 ± 7 674

D-dimer¶, lg/L 1,642 ± 4,211 508

Fibrinogen, g/L 6.1 ± 1.7 536

Ferritin, lg/L 1235 ± 2483 301

Lactate dehydrogenase, UI/L 368 ± 213 295

Troponin elevation, n (%) 202 (27.2) 743

SARS-CoV-2-positive RT–PCR, n (%) 1124 (90.6) 1240

Abnormalities on chest CT, n (%)

Parenchymal involvement 1240

Low or moderate (<50%) 1028 (82.9)

Severe (>50%) 212 (17.1)

Treatment introduced during hospitalization, before PE occurrence, n

(%)

Anticoagulation 837 (71.4) 1172

Prophylactic dose 738 (63.0)

Intermediate dose 99 (8.4)

Antibiotics 939 (75.7) 1240

Antiviral 154 (12.4) 1240

Chloroquine 205 (16.5) 1240

Corticosteroids 73 (5.9) 1240

Outcomes, n (%)

PE 103 (8.3) 1240

Death 151 (12.2) 1240

Stroke 6 (0.5) 1240

Deep vein thrombosis 18 (1.5) 1240

ICU hospitalization 185 (14.9) 1240

Continued
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delay between admission and ICU transfer was 2 days (IQR 1–4), and
the median delay between admission and death without transfer to
the ICU was 6.4 days (IQR 3–10). The median duration of hospitaliza-
tion was 6.8 days (IQR 5–12).

Risk factors for PE in patients with
COVID-19

In the univariable analysis (Table 2), male gender [odds ratio (OR)
1.83, 95% CI 1.19–2.89, P = 0.009], history of stroke (OR 0.24, 95%
CI 0.04–0.77, P = 0.037), history of atrial fibrillation (OR 0.10, 95% CI
0.01–0.44, P = 0.004), and the presence of chest pain (OR 2.21, 95%
CI 1.28–3.69, P = 0.004) or dyspnoea (OR 1.73, 95% CI 1.11–2.75,
P = 0.022) were significantly associated with PE occurrence. Patients
with PE had longer delay from symptoms onset to hospitalization
than patients without PE (OR 1.38, 95% CI 1.13–1.68, P = 0.009). The
presence of systemic inflammation was associated with PE, as evi-
denced by a higher leucocyte level, C-reactive protein, and platelets
in the case of PE (OR 1.09, 95% CI 1.02–1.16, P = 0.028; OR 1.33,
95% CI 1.11–1.59, P = 0.013, and OR 1.11, 95% CI 1.01–1.22, P =
0.022, respectively). A higher D-dimer level was associated with a
higher risk of PE (OR 1.06, 95% CI 1.02–1.10, P < 0.001). Severe pul-
monary lesions in CT (OR 1.71, 95% CI 1.05–2.71, P = 0.036) and
high FiO2 (OR 1.02, 95% CI 1.00–1.03, P = 0.044) were associated
with PE occurrence.

Patients who received anticoagulation with a therapeutic dose be-
fore admission (OR 0.40, 95% CI 0.14–0.91, P = 0.044) or anticoagu-
lation with a prophylactic dose introduced during hospitalization (OR
0.11, 95% CI 0.06–0.18, P < 0.001) had a lower PE incidence rate.

Higher age, history of malignancy, history of venous thrombo-
embolic disease, smoking, and obesity were not associated with PE
occurrence in our study (for all P > 0.05). Cardiovascular comorbid-
ities, such as diabetes, hypertension, chronic heart failure, or coron-
ary artery disease, were not associated with a higher risk of PE (for all
P > 0.05).

In the multivariable analysis (Table 3), the following variables
remained significantly associated with PE: male gender (OR 1.03, 95%
CI 1.003–1.069, P = 0.04), anticoagulation with a prophylactic dose
(OR 0.83, 95% CI 0.79–0.85, P < 0.001) or a therapeutic dose (OR
0.87, 95% CI 0.82–0.92, P < 0.001), C-reactive protein (OR 1.03, 95%
CI 1.01–1.04, P = 0.001), and time from symptom onset to hospital-
ization (OR 1.02, 95% CI 1.006–1.038, P = 0.002).

Prognostic consequences of PE in
patients with COVID-19
ICU transfer [32 (31.1%) vs. 153 (13.5%) patients; P < 0.001] and
mechanical ventilation [25 (24.3%) vs. 83 (7.3%) patients; P < 0.001]
were more frequent for PE patients than for patients without PE. The
PE occurrence was not associated with mortality (P = 0.338)
(Table 2; Supplementary material online, File 3).

Discussion

Using a multicentre study of patients who are sequentially hospital-
ized for COVID-19 with CTPA across 24 French centres, we
described the baseline characteristics of COVID-19 patients with PE,
their evolution during hospitalization, the associated risk factors of
PE, and the role of the groups of anticoagulant regimens (Take home
figure).

The mortality rate observed in this series (12.2%) was comparable
with that of other published series despite the heterogeneity among
healthcare systems and populations studied.2,3 In this study, the PE in-
cidence was 8.3%, which is lower than observed in previously
reported case series. This difference could be explained by a large
majority of non-severe patients compared with only patients in ICU
or only severe COVID-19 patients in the first publications.9,11 In
smaller case series, the PE occurrence in COVID-19 patients clearly
marked a turning point in patient prognosis, with a higher probability
of ICU admission, an increased use of invasive ventilation, and a lon-
ger hospital stay;7,11 findings comparable with our study. The PE oc-
currence was not associated with mortality, which raises the
question of whether PE diagnosis was motivating enough for ICU
transfer despite similar clinical severity.

Despite reports of the main characteristics from small case series
of COVID-19 patients with PE, epidemiological and prognostic data
from larger series are limited.7–9,11 The patient characteristics
reported in this study confirmed that male gender and longer delay
from onset of symptoms to hospitalization were associated with an
increased risk of PE. As previously described,11 the traditional risk fac-
tors of venous thrombo-embolic disease were not associated with
the occurrence of PE in our study. However, a lack of statistical
power cannot be excluded, and further investigations will be neces-
sary to confirm these findings. In accordance with the literature and
as presented on Figure 2, there were no specific radiological signs of
PE in COVID-19 patients.9,11,18 While severe forms of COVID-19

.................................................................................................

Table 1 Continued

Variables Overall

(n 5 1240)

No. of

patients

with data

available

Invasive mechanical ventilation 108 (8.7) 1240

Non-invasive ventilation 31 (2.5) 1240

High flow nasal canula 56 (4.5) 1240

Values are n (%) or mean ± SD.
PE, pulmonary embolism; BMI, body mass index; CVD, cardiovascular disease;
COPD, chronic obstructive pulmonary disease; VKA, vitamin K antagonist;
NOAC, non-vitamin K antagonist oral anticoagulant; ACEi, angiotensin-convert-
ing enzyme inhibitor; ARB, angiotensin II receptors blocker; NYHA, New York
Heart Association; FiO2, fraction of inspired oxygen; HF, heart failure; SIC score,
sepsis-induced coagulopathy score; qSOFA score, quick sequential organ failure
assessment score; PaO2, partial pressure of oxygen; SD, standard deviation; NT-
proBNP, N-terminal probrain natriuretic peptide; BNP, brain natriuretic peptide;
APTT, activated partial thromboplastin time; GFR, glomerular filtration rate;
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; RT–PCR, re-
verse transcription–PCR; CTPA, computed tomography pulmonary angiogram;
ICU, intensive care unit.
*Increment of 5 units;
†increment of 50 units;
‡increment of 2 units;
§increment of 1 SD (77 units);
¶increment of 500 units.
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Figure 1 Flowchart for the Critical Covid-19 France Study. CT, computed tomography; CTPA, computed tomography pulmonary angiography.

Figure 2 Examples of axial CTPA images of PE in COVID-19 patients (lung windows: A–C; mediastinum windows: B–D). Patient 1: 42-year-old
male with peripheral ground-glass opacities of 25–50% (A, arrows) with small areas of consolidation (arrowhead) and bilateral proximal PE
(B, arrows). Patient 2: 57-year-old male with peripheral ground-glass opacities <25% (C, arrows) and right proximal PE (D, arrow). CTPA, computed
tomography pulmonary angiography; PE, pulmonary embolism.

6 C. Fauvel et al.
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Table 2 Univariable analysis for the comparison of PE occurrence (n 5 1240)

Variables Diagnosis of PE OR (95% CI) P-value

No (n 5 1137) Yes (n 5 103)

Demographics

Age, years 64 ± 17 63 ± 16 0.99 (0.98–1.01) 0.387

Male, n (%) 648 (57.0) 73 (70.9) 1.83 (1.19–2.89) 0.009

BMI, kg/m2 28.2 ± 6.3 27.3 ± 5.6 0.98 (0.94–1.01) 0.135

Time from illness onset to hospitalization*, days 7.0 ± 4.5 8.6 ± 5.7 1.38 (1.13–1.68) 0.009

Cardiovascular risk factors, n (%)

Smoking 172 (15.4) 9 (8.9) 0.54 (0.25–1.04) 0.106

Hypertension 515 (45.7) 44 (42.7) 0.89 (0.59–1.33) 0.633

Diabetes 249 (22.0) 19 (18.4) 0.81 (0.47–1.33) 0.477

Dyslipidaemia 294 (26.0) 22 (21.4) 0.78 (0.47–1.25) 0.361

Familial premature CVD 17 (1.6) 2 (2.0) 1.39 (0.20–5.00) 0.667

Comorbidities, n (%)

COPD 69 (6.1) 8 (7.8) 1.32 (0.57–2.69) 0.638

Chronic kidney disease 117 (10.4) 9 (9.0) 0.87 (0.39–1.68) 0.787

Stroke 92 (8.2) 2 (1.9) 0.24 (0.04–0.77) 0.037

Peripheral arterial disease 54 (4.8) 6 (5.8) 1.25 (0.47–2.78) 0.827

Atrial fibrillation 116 (10.3) 1 (1.0) 0.10 (0.01–0.44) 0.004

Chronic heart failure 105 (9.3) 12 (11.8) 1.31 (0.66–2.39) 0.526

Coronary artery disease 124 (10.9) 9 (8.7) 0.74 (0.34–1.41) 0.460

Malignancy 159 (14.0) 8 (7.8) 0.53 (0.23–1.04) 0.105

Venous thrombo-embolic disease 88 (7.7) 10 (9.7) 1.30 (0.61–2.48) 0.604

Immunodeficiency 58 (5.1) 5 (4.9) 0.98 (0.33–2.27) 1.000

Treatment before hospitalization, n (%)

Therapeutic dose anticoagulation 131 (11.5) 5 (4.9) 0.40 (0.14–0.91) 0.044

VKA 46 (4.0) 1 (1.0) 0.27 (0.01–1.22) 0.173

NOAC 77 (6.8) 1 (1.0) 0.15 (0.01–0.70) 0.035

Heparin 8 (0.7) 3 (2.9) 4.36 (0.89–15.7) 0.056

ACEi 203 (17.9) 15 (14.6) 0.79 (0.43–1.36) 0.481

ARB 166 (14.6) 11 (10.7) 0.71 (0.35–1.30) 0.346

Clinical characteristics

NYHA functional class, n (%) 0.022

I–II 502 (49.8) 32 (36.4) Ref.

III–IV 507 (50.2) 56 (63.6) 1.73 (1.11–2.75)

Heart rate, b.p.m. 86 ± 18 90 ± 20 1.01 (1.00–1.02) 0.100

Systolic pressure, mmHg 131 ± 21 131 ± 22.0 1.00 (0.99–1.01) 0.842

Diastolic pressure, mmHg 74 ± 12.9 77 ± 13.7 1.01 (1.00–1.03) 0.112

Respiratory frequency, breaths/min 23 ± 7 24 ± 6 1.00 (0.97–1.04) 0.953

Chest pain, n (%) 112 (9.9) 20 (19.4) 2.21 (1.28–3.69) 0.004

O2 saturation, % 95 ± 4 95 ± 3 0.98 (0.92–1.03) 0.385

Temperature, �C 37.6 ± 1.0 37.6 ± 0.9 1.02 (0.83–1.25) 0.840

FiO2, % 28 ± 11 31 ± 15 1.02 (1.00–1.03) 0.044

Glasgow score <15, n (%) 54 (4.8) 6 (5.9) 1.28 (0.48–2.84) 0.627

HF signs, n (%) 60 (5.4) 7 (6.9) 1.32 (0.53–2.80) 0.682

SIC score >4, n (%) 401 (66.3) 45 (73.8) 1.42 (0.80–2.66) 0.297

qSOFA score = 1, n (%) 477 (61.1) 49 (69.0) 1.41 (0.85–2.43) 0.234

Electrocardiogram, n (%) 0.254

Sinus rhythm 831 (91.0) 81 (95.3) Ref.

Atrial fibrillation 82 (9.0) 4 (4.7) 0.52 (0.15–1.29)

Laboratory, mean ± SD

PaO2, mmHg 82 ± 30 77 ± 20 0.99 (0.98–1.00) 0.045

pH 7.5 ± 0.1 7.5 ± 0.1 5.82 (0.08–438) 0.364

Continued
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Table 2 Continued

Variables Diagnosis of PE OR (95% CI) P-value

No (n 5 1137) Yes (n 5 103)

PaO2/FiO2 ratio <150, n (%) 44 (5.3) 9 (11.2) 2.28 (1.00–4.68) 0.043

Lactates, mmol/L 1.4 ± 1.0 1.3 ± 0.6 0.88 (0.64–1.21) 0.252

NT-proBNP, pg/mL 2336 ± 6324 4101 ± 8656 1.00 (1.00–1.00) 0.235

BNP, pg/mL 177 ± 505 365 ± 1,182 1.00 (1.00–1.00) 0.316

Leucocytes‡, 109/L 7.1 ± 4.8 9.6 ± 10.9 1.09 (1.02–1.16) 0.028

Lymphocytes, 109/L 1.3 ± 3.4 1.3 ± 1.2 0.99 (0.93–1.07) 0.688

Haemoglobin, g/dL 13.2 ± 1.9 13.2 ± 2.2 1.00 (0.90–1.11) 0.998

Platelets†, 109/L 223 ± 97 246 ± 94 1.11 (1.01–1.22) 0.022

C-reactive protein§, mg/L 89 ± 75 114 ± 95 1.33 (1.11–1.59) 0.013

Prothrombin rate, % 85 ± 18 83 ± 16 0.99 (0.98–1.00) 0.121

APTT ratio 1.2 ± 0.3 1.1 ± 0.2 0.68 (0.25–1.86) 0.379

Creatinine, lmol/L 88 ± 67 93 ± 71 1.00 (1.00–1.00) 0.526

GFR, mL/min/m2 86 ± 28 85 ± 28 1.00 (0.99–1.01) 0.693

Aspartate aminotransferase, UI/L 55 ± 70 54 ± 69 1.00 (1.00–1.00) 0.859

Alanine aminotransferase, UI/L 51 ± 94 53 ± 91 1.00 (1.00–1.00) 0.818

Albumin, g/L 32 ± 6 31 ± 8 0.97 (0.94–1.01) 0.251

D-dimer¶ lg/L 1371 ± 4,120 3519 ± 4385 1.06 (1.02–1.10) <0.001

Fibrinogen, g/L 6.1 ± 1.6 6.3 ± 2.0 1.09 (0.93–1.29) 0.383

Ferritin, lg/L 1229 ± 2511 1301 ± 2212 1.00 (1.00–1.00) 0.877

Lactate dehydrogenase, UI/L 364 ± 192 397 ± 335 1.00 (1.00–1.00) 0.570

Troponin elevation, n (%) 176 (26.3) 26 (35.1) 1.52 (0.90–2.51) 0.138

SARS-CoV-2 positive RT–PCR, n (%) 1036 (91.1) 88 (85.4) 0.57 (0.32–1.06) 0.086

Abnormalities on chest CT, n (%)

Parenchymal involvement 0.036

Low or moderate (<50%) 922 (83.3) 76 (74.5) Ref.

Severe (>50%) 185 (16.7) 26 (25.5) 1.71 (1.05–2.71)

Treatment introduced during hospitalization, before PE occurrence, n (%)

Anticoagulation

Prophylactic dose 720 (67.0) 18 (18.4) 0.11 (0.06–0.18) <0.001

Intermediate dose 94 (8.8) 5 (5.1) 0.58 (0.20–1.32) 0.292

Antibiotics 853 (75.0) 86 (83.5) 1.67 (1.00–2.96) 0.072

Antiviral 140 (12.3) 14 (13.6) 1.13 (0.60–1.98) 0.825

Hydroxychloroquine 182 (16.0) 23 (22.3) 1.51 (0.91–2.44) 0.130

Corticosteroids 63 (5.5) 10 (9.7) 1.85 (0.87–3.59) 0.133

Outcomes, n (%)

Death 142 (12.5) 9 (8.7) 0.68 (0.31–1.31) 0.338

Stroke 4 (0.4) 2 (1.9) 5.79 (0.71–31.9) 0.082

Deep vein thrombosis 6 (0.5) 12 (11.7) 24.4 (9.13–72.8) <0.001

ICU hospitalization 153 (13.5) 32 (31.1) 2.90 (1.83–4.53) <0.001

Invasive mechanical ventilation 83 (7.3) 25 (24.3) 4.08 (2.46–6.68) <0.001

Non-invasive ventilation 29 (2.6) 2 (1.9) 0.81 (0.12–2.75) 1.000

High flow nasal canula 48 (4.2) 8 (7.8) 1.94 (0.82–4.02) 0.129

Values are n (%) or mean ± SD.
PE, pulmonary embolism; OR, odds ratio; 95% CI, 95% confidence interval; BMI, body mass index; CVD, cardiovascular disease; COPD, chronic obstructive pulmonary disease;
VKA, vitamin K antagonist; NOAC, non-vitamin K antagonist oral anticoagulant; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptors blocker; NYHA,
New York Heart Association; FiO2, fraction of inspired oxygen; HF, heart failure; SIC score, sepsis-induced coagulopathy score; qSOFA score, quick sequential organ failure as-
sessment score; PaO2, partial pressure of oxygen; NT-proBNP, N-terminal probrain natriuretic peptide; BNP, brain natriuretic peptide; APTT, activated partial thromboplastin
time; GFR, glomerular filtration rate; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; CT, computed tomography; RT–PCR, reverse transcription–PCR; ICU, in-
tensive care unit; SD, standard deviation.
*Increment of 5 units;
†increment of 50 units;
‡increment of 2 units;
§increment of 1 SD (77 units);
¶increment of 500 units.
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Pulmonary embolism (PE)
a major complication in Covid-19
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Take home figure PE risk and protective factors in COVID-19 patients.
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Table 3 Multivariable analysis for prediction of PE occurrence

Odds ratio 95% CI P-value

Male 1.03 1.003–1.069 0.04

Age 1.00 1.00–1.00 0.52

Smoking 0.96 0.91–1.00 0.08

Malignancy 0.98 0.93–1.03 0.46

Venous thrombo-embolic disease 1.00 1.00–1.01 0.52

Time from illness onset to hospitalization*, days 1.02 1.006–1.038 0.002

C-reactive protein† 1.03 1.01–1.04 0.001

Anticoagulation prophylactic dose introduced during the hospitalization 0.83 0.79–0.85 <0.001

Anticoagulation therapeutic dose before the hospitalization 0.87 0.82–0.92 <0.001

*Increment of 5 units;
†increment of 1 SD (77 units).
CI, confidence interval; PE, pulmonary embolism.

Pulmonary embolismin COVID-19 patients 9
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are more frequent in patients with pre-existing cardiovascular disease
and cardiovascular-associated comorbidities compared with the gen-
eral population,5,19 our study suggests that pre-existing cardiovascu-
lar diseases are not associated with a higher PE risk in COVID-19
patients.

PE pathophysiology in the COVID-19 context may be different
from that described in other circumstances.13 In agreement with the
literature, our study shows that COVID-19 is associated with abnor-
mal haemostasis,12 increased inflammation reflected by high C-react-
ive protein levels, and increased leucocyte counts.13,14,20

Autopsy series showing diffuse alveolar damage and inflammation
revealed pulmonary intravascular coagulopathy (PIC) as the patho-
genic mechanism of PE.21 Indeed, CoV-2 infection-induced down-
regulation of angiotensin-converting enzyme 2 (ACE2) receptors
negatively regulates lymphocyte function, contributing to PIC.22 In
addition, pulmonary endothelial cell dysfunction triggered by inter-
leukin (IL)-1, IL-6, and tumour necrosis factor is thought to play an
important role in the thrombo-inflammatory processes.22 These data
reinforce the idea that inflammation and coagulopathy are two essen-
tial elements of the PE pathophysiology in the COVID-19 context.
They both play a role as factors predisposing to and consequences of
PE, causing a prothrombogenic vicious circle.23 These data should
make us change our paradigm regarding the risk stratification of ven-
ous thrombo-embolic disease, such as PE, in the COVID-19
context.24

This study suggests that anticoagulation therapy with a therapeutic
dose administered before admission or anticoagulation therapy with
a prophylactic dose introduced during hospitalization could reduce
the PE occurrence in accordance with the guidelines.15,16 This result,
together with the protective role of a short delay between onset of
symptoms and hospitalization, reflects the importance of preventive
treatment administered at the earliest opportunity. During the 2009
swine flu pandemic, higher doses of empirical systemic heparin anti-
coagulation in patients with acute respiratory distress syndrome
were reported as significantly reducing PE incidence without
increased haemorrhagic complications.25

Limitations
This study has some limitations. First, the data collection was retro-
spective. However, the relatively short time between a patient’s hos-
pitalization and the gathering of his data (15 days, IQR 10–20)
allowed investigators to easily recover a large amount of data of
interest. The mean burden of missing data on the variables of the
multivariable model was only 2.2%. Secondly, we chose to restrict
the study population to patients who underwent CTPA, as CTPA is
the gold standard test to confirm or eliminate the diagnosis of PE.
Thirdly, the variables analysed to assess the risk factors were col-
lected at admission. Consequently, this approach does not take into
account the evolution of these items or other events that occurred
during hospitalization and are likely to increase the risk of PE.
Fourthly, the lack of statistical power prevents us from (i) concluding
on the potential interest of the intermediate dose anticoagulation
protocol; (ii) concluding on the association of PE with complications,
such as death; and (iii) performing subgroup analysis. Nevertheless,
our study was not designed to appropriately conclude on the efficacy
of anticoagulation in patients with COVID-19 or to assess bleeding
complications due to anticoagulation. Although a recent study

suggested that there is no difference in terms of bleeding events,26

further studies are required to support this observation.
In conclusion, through a multicentre case series of patients hospi-

talized for COVID-19 with CTPA-proven PE, we identified independ-
ent risk factors associated with the occurrence of PE in COVID-19
patients, including clinical and biological variables at admission. These
risk factors do not include traditional thrombo-embolic risk factors,
which reflect the major part of inflammation and coagulopathy in PE
linked with COVID-19.

Supplementary material

Supplementary material is available at European Heart Journal online.
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